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Description 

[0001] This invention relates to a method for the genetic transformation of plant cells, and the regeneration of whole 
plants from such cells. Particularly, but not exclusively, the invention relates to a method for the transformation of Beta 
£ vulgaris, which includes sugar beet, fodder beet, table beet and Swiss chard. 

[0002] Although genetic transformation and subsequent regeneration is largely a matter of routine nowadays for many 
plants species, some species have remained recalcitrant to transformation by most of the numerous methods which are 
available. Beta vulgaris is one such example where, despite transient expression in some cells and occasional success 
with specific genotypes, no simple routine method is available for the production of transgenic plants (International Pat- 
io ent Application No. WO 91/13159; D'Halluin, K. et.aL, Biotechnology Ifl 309-314 (1992)). More particularly, no method 
for transformation via direct gene transfer and subsequent regeneration has yet been published. The recalcitrance of 
sugar beet protoplasts is well documented (Lindsey etal. Transformation in Sugar Beet (Beta vulgaris L.) Biotechnology 
in Agriculture and Forestry, Vol 23, Plant protoplasts and Genetic Engineering IV" Y.RS. Bajaj, Ed., Springer-Velag, Ber- 
lin, 1993). Cell division in vitro is restricted and totipotent colonies are generally obtained only at low frequency (0.1% 
15 or less). Protoplasts isolated from sugar beet leaves vary in size and morphology, reflecting the high degree of cellular 
heterogeneity present within the source tissue both at physiological (resulting from the relative location of the cells in 
vivo) and cytogenetic (ploidy, cell cycle phase) levels. 

[0003] There is, therefore, a continuing need for a simple, high frequency transformation method which may be appli- 
cable to beet. 

20 [0004] In order that a cell may be efficiently transformed, certain requirements must be satisfied. First the gene to be 
inserted must be assembled within a construct which contains effective regulatory elements which will drive transcrip- 
tion of the gene. Next, there must be available a method of transporting the construct into the cell. Once the construct 
is within the cell membrane, integration into the endogenous chromosomal material either will or will not occur. The 
probability of integration may be improved by certain means but, in general, integration is simply a matter of uncon- 

25 trolled chance. Finally, as far as plants are concerned the target cell type must be such that cells can be regenerated 
into whole plants. 

[0005] Plant cells are more difficult to transform than bacterial or animal cells because the presence of hard cell walls 
presents a barrier to insertion of the construct through that wall. 

[0006] Thus the choice of method for the transformation of plant cells tends to be limited to those which are convenient 
30 for the target plant type (Potrykus. I, in Plant Breeding: Principles and Prospects, Ed. Hayward etal., PuW. Chapman & 
Hall, London (1993)). As a generalisation, dicotyledonous plants are relatively easy to transform whereas monocotyle- 
donous plants are very difficult, there being only a few techniques available in respect of which success has been 
reported, and that with very low success rate. 

[0007] One method which is claimed to transform plant cells is the procedure known as "microinjection" where, under 
35 the microscope, a DNA construct is injected from a hollow needle into a target cell. A variant of that procedure is the 
rupturing of the cell wall with a needle, the DNA being added to the surrounding medium and allowed to diffuse into the 
cell through the break in the cell wall. This variant is known as "micropricking". Both of these procedures require a high 
degree of manipulative skill by the operator and are very time consuming. Japanese Published Patent Application 
Number 03103183 of 1991 proposes that a foreign gene may be inserted into plant cells by microinjection into guard 
40 cells which occur in the epidermal tissue of a plant, followed by culture of those cells. However, physiological studies of 
guard cells have shown that they have abnormally high intracellular pressures and it is reasonable to question whether 
microinjection of DNA into guard cells is feasible and, in any case this method would suffer from the principal drawback 
of microinjection which is that the process is so time-consuming that only a relatively small number of cells can be 
injected in the course of a day. No data were presented which accurately describe the isolation of transgenic plants by 
45 this route. 

[0008] It is probably true to say that to date the most effective methodology for the introduction of gene constructs, 
particularly for monocotyledonous cells has been the so-called "biolistics" method in which high density metallic parti- 
cles, usually of tungsten or gold, are coated with the gene construct and are propelled by an explosive release of gas 
at a target cell culture. This alternative approach abandons the high precision of targeting which is inherent in microin- 
so jection and micropricking, in favour of a rapid "pepperpot" approach which enables large numbers of cells to be "hit" in 
a short time, giving a large number of putative transformants for screening. 

[0009] Effective though the biolistic method may be, it requires expensive hardware and, although rapid by compari- 
son with some other methods which have been attempted, is time-consuming. It does, however, achieve high numbers 
of transformation events at each bombardment. One problem with this technique is the effect of the blast of expanding 
55 gas on the target tissue. Another is the difficulty of aiming the projectile shower at a selected area of the target. Various 
microtargeting devices have been designed to help overcome this latter problem (Leduc et.aL, Sex. Plant Reprod., 7, 
135-143 (1994); Iglesias et.al., Planta, 122, 84-91 (1994)) but to date no transgenic plants have been produced. 
[001 0] Mixing of plant cells with plasmid DNA and sub-micron diameter fibres or whiskers is a simple and inexpensive 
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alternative transformation method. There have been several published reports of transformation using silicon carbide 
whiskers. The first described transient expression of ^-glucuronidase (gys) in Black Mexican Sweet (BMS) corn sus- 
pension cells (Kaeppler et al., 1990). The same group have recently published their results on stable transformation of 
BMS and tobacco (Kaeppler et al., 1 992). In the corn system a mean of 3.4 BASTA-resistant BMS colonies were recov- 

5 ered from each vortex-treated sample of cells (300^1 packed cell volume) using a BAR and aus-containina plasmid. 
Sixty five per cent of these herbicide-resistant colonies expressed gus. (Kaeppler H.F., Gu W., Somers DA, Rines H.W, 
Cockburn A.F. (1990) "Silicon carbide fiber-mediated DNA delivery into plant cells", Plant Cell Reports 9: 415-418, and, 
Kaeppler H.F., Somers D. A., Rines H.W., Cockburn A.F (1992), "Silicon carbide fiber-mediated stable transformation of 
plant cells", Theor. Appl. Genet. 84: 560-566. The use of whiskers for the transformation of plant cells, particularly 

10 maize, is the subject of United States Patent No. 5,302,523 in the name of Zeneca Limited. 

[001 1 ] There are numerous factors which influence the success of transformation. The design and construction of the 
exogenous gene construct and its regulatory elements influence the integration of the exogenous sequence into the 
chromosomal DNA of the plant nucleus and the ability of the transgene to be expressed by the cell. A suitable method 
for introducing the exogenous gene construct into the plant cell nucleus in a non-lethal manner is essential. Importantly, 

is the type of cell into which the construct is introduced must, if whole plants are to be recovered, be of a type which is 
amenable to regeneration, given an appropriate regeneration protocol. 

[0012] De Greet and Jacobs (Plant Sci Lett (1979) vol 1 7, pp55-61) describe a sugar beet cell line having a high regen- 
erative capacity. 

[001 3] The object of the present invention is to provide a method for plant transformation, particularly, but not exclu- 
20 sively, for sugar beet. 

[001 4] According to the present invention there is provided a method for the genetic transformation of plants compris- 
ing introducing an hereditary material into a stomatal cell of said plant and regenerating whole plants from the trans- 
formed cell. 

[001 5] The transformation may be conducted on intact tissue containing stomata, one preferred tissue being senes- 
25 cent leaf tissue. 

[001 6] In a preferred embodiment the stomatal cells are those found in leaf epidermis. 

[0017] The tissue containing stomatal cells may be macerated to produce a cell suspension from which plants are 
regenerated. 

[0018] It is further preferred that the stomatal cells be converted to protoplasts prior to regeneration. , 
30 [001 9] In a preferred embodiment the said hereditary material is a DNA construct which includes a selectable marker 
gene which does not specify resistance to an antibiotic and the transformed tissue is exposed to the appropriate selec- 
tive agent. 

[0020] The transformation may be conducted on a ceil population containing guard cells or a cell population enriched 
in guard cell concentration. 
35 [0021 ] The transformation may be conducted on a cell suspension. 

[0022] The stomatal cells may be converted into protoplasts by enzymatic digestion of the cell wall before or after 
transformation. 

[0023] One preferred transformation method comprises mixing a suspension of stomatal cells with a microscopic 
fibrous material and agitating same in the presence of the hereditary material. 

40 [0024] Within the epidermal layer of leaves, stems and certain reproductive tissue such as anthers (Kendra G., Phy- 
ton, 4, 83-96 (1952)), a certain type of specialised cells, known as Guard Cells, occur. Also, as leaves senesce other 
cells types tend to die earlier than guard cells (Zeiger E. and Schwartz A., Science 218. 680-682 (1982)). Therefore, 
senescent leaves represent a particularly enriched source of viable guard cells. Guard cells control the aperture of the 
leaf pores or stomata (for a review, see "Stomatal Function", ed. Zeiger et.al., 1987) Methods exist for the isolation of 

45 guard cells (see, for example Kruse et.al., Plant Physiology. 90, 1382-1386 (1989) and for their conversion to proto- 
plasts (see, for example Mawson, B.T., Plant Cell Environment 1£. 207-214 (1993)) although these methods have been 
developed for use in physiological studies and commonly use the plant Vicia faba (Mawson, B.T. Planta, 13L 293-301 , 
(1993); Talbott and Zeiger, Plant Physiology, 102, 1 163-1 169 (1993)). Guard cells are small, uniquely shaped cells with 
walls which are relatively thicker, harder and have a higher pectin content than other leaf cells. The stomatal pore is 

so formed between two guard cells. There are two basic forms, the elliptical and the graminaceous forms. The term 
"stoma" and "stomata" are commonly used to refer not only to the pores but to the guard cells and the adjacent cells 
that form the stomatal complex (Weyers and Meider, in "Methods in Stomatal Research" page 3, Longmans, London, 
1990). In this application we use the term "guard cell" to mean any cells involved in forming the stomatal complex. 
[0025] It had long been believed that guard cells are not capable of division in culture (Tran Thanh Van, K., "Control 

55 of Morphogenesis or what shapes a group of cells" in Advances in Biochemical Engineering, Vol 18, Plant Cell Cultures 
II, Ed. A.Feichter, Publ. Springer-Verlag, Berlin, pages 151-171 (1980)) but recent work has shown, at least in respect 
of one species, Nicotiana glauca. that this is not so (Cupples, W. et.al.; Plant, Cell and Environment (1991), 14, 691- 
697) and that whole plants can be regenerated from tobacco guard cell protoplasts (Sahgal, P. et.al.; Plant Science 3Z, 
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199-208 (1994)). Tobacco is widely used as a model plant in plant science and one of its characteristics which makes 
it useful as a model system, is its propensity to regenerate from almost any cell type. Therefore, the ability of tobacco 
guard cells to regenerate to whole plants is not entirely surprising and the fact that tobacco has this ability does not nec- 
essarily indicate that other species will possess the same property. 

5 [0026] There are two brief descriptions in the literature relating to callus production from epidermal cells of sugar beet 
(Kotowska and Rogozinska, Bull, of the Polish Acad. Sc.. 32, 11-12 (1984); Kotowska. Beitr.Biol.Pflanz., §L 209-223 
(1992) and several reports (for example, Harms etal., Plant Cell Tissue Organ Culture 2, 93-102 (1983; Schneider and 
Gunther, Biochem. Physiol. Pflanzen, 182. 485-490 (1987)) of adventitious bud production on the epidermis of petioles. 
In no case was any evidence presented to show that guard cells were capable of division and callus production. 

10 [0027] In one embodiment of the invention, leaf tissue, or the epidermal layer thereof, is macerated and digested to 
form a culture which contains the guard cells, the cells walls are digested to form protoplasts, the protoplasts are genet- 
ically transformed using an appropriate method, transformants are selected and plants regenerated from the transform- 
ants. 

[0028] In another embodiment, leaf cells are transformed in situ by bombardment of the intact leaf tissue with micro- 
15 particles coated with the exogenous DNA construct. The bombarded tissue is then macerated and guard cells, which 
are much more resilient that other cells types are recovered and whole plants regenerated therefrom. 
[0029] In yet another embodiment leaf tissue is macerated and a cell population enriched in guard cells is prepared 
therefrom. Transformation is then performed on the enriched cell population and whole plants regenerated therefrom. 
The guard cells may be converted to protoplasts prior to transformation. In an alternative method pieces of epidermis 
20 may be manually peeled and callus produced therefrom. 

[0030] It is the remarkable resilience of guard cells, along with the unexpected totipotency of the cells and their pro- 
toplasts compared with other cell types, which make them particularly suitable for use in either somatic hybridisation, 
cybrid production (Krens etal., Theor.Appl.Genet., 79, 390-396, (1990) or transformation. However, that resilience 
would normally be viewed as a potential barrier to introduction of DNA into the cells. By this invention it has been dem- 
25 onstrated that guard cells can indeed be transformed and that the transformed cells can subsequently be regenerated, 
thus providing an effective method for the production of transgenic plants. 

[0031 ] One important aspect of this invention is its applicability to the transformation of beet (Beta vulgaris) , a species 
which has hitherto only been transformable at an unacceptably low frequency (Undsey et.al. Transformation in Sugar 
Beet ( Beta vulgaris L), in Biotechnology in Agriculture and Forestry, Vol 23, "Plant protoplasts and Genetic Engineering 
30 IV YRS. Baj^j, Ed., Springer- Velag, Berlin, 1993). 

[0032] The procedure of the invention may involve several of the following steps: transformation, isolation of epider- 
mis, guard cell isolation, preparation of protoplasts from the guard cells, selection of transformants and regeneration of 
whole plants from the transformants. However, the order in which these steps may be performed may be varied and cer- 
tain steps omitted, each variation having certain advantages. 

35 

1 . Intact leaf tissue may be transformed, after which this material, or epidermis isolated therefrom is macerated to 
produce a cell suspension and then sonicated if necessary. The effect of these processes is to destroy preferen- 
tially cell types other than the guard cells. The concentration of guard cells, because of their comparative resistance 
to such physical stress, is enriched and they may thereafter be recovered by flotation or filtration from the suspen- 

40 sion and whole plants regenerated. 

2. In procedure 1 the inserted DNA construct may include a selectable marker gene, the more common ones being 
resistance to an antibiotic such as kanamycin or hygromycin or one of the herbicides such as BASTA. The leaf may 
then be exposed to selection pressure and only the surviving cells passed into suspension, or, alternatively, if the 
selection agent is added to the suspension of whole leaf tissue the viable guard cells which are recovered will com- 

45 prise only transformed cells, obviating the need for a separate selection step. 

However, it is preferred that the construct be entirely free of genes which specify antibiotic resistance. It is pre- 
ferred, therefore that the selectable marker for the plant cells be the herbicide bialaphos. Selection at the bacterial 
stage of construct preparation preferably utilises the Saccharomyces cerevisiae IGPD gene (imidazole glycerol 
phosphate dehydratase) which is able functionally to complement mutant hisB strains of E.coli deficient in histtdine 

so biosynthesis, and restore their growth on minimal medium. Use of such an auxotrophic complementation system 
for recombinant selection obviates the requirement for bacterial antibiotic resistance markers, such as beta-lacta- 
mase. to be incorported into plasmids for their manipulation in E.coli prior to their introduction into plant cells. 

3. A suspension of guard cells may be prepared as described in 1 and the transformation carried out on the sus- 
pended cells. Vortexing with fibrous material such as silicon carbide whiskers is a convenient method in this case. 

55 The transformation may be effected before or after enrichment of the guard cell concentrate as described above 
and method 2 may additionally be used. 

4. A guard cell suspension, or an enriched suspension, may be prepared as described above and the cells may be 
converted to protoplasts by enzymatic digestion before transformation. Plants may finally be regenerated from the 
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protoplasts. Using protoplasts as the transformation target may allow certain known transformation techniques to 
be applied which may not be effective on the intact guard cells. 

5. The simplest embodiment involves transformation of intact leaf or isolated epidermis, obtained either by mechan- 
ical means or manually, followed by regeneration under selection pressure. Since none of the cell types other than 
guard cells are known to be regenerate these will simply proliferate without regeneration, leaving the transformed 
guard cells to regenerate. Partially senescent leaves (containing predominantly only viable guard cells) may be par- 
ticularly suitable. 

[0033] The specific method for the introduction of the exogenous DNA construct is not particularly germane to this 
invention: it is a matter of convenience. However, we have achieved success in producing transgenic plants by the use 
of the known polyethylene glycol (PEG) mediated protoplast transformation procedure, followed by selection and regen- 
eration. 

[0034] The invention will now be described, by way of illustration, in the following Examples. The composition of the 
various media used in these Examples are given in Table 1 below. 



TABLE 1 



Medium A: 



Half -strength MS medium * 
3% sucrose 

0.3% Gelrite (Trade Mark) 
pH 5.8, autoclaved 



Medium B: 



9% mannitol 



3.8%CaCl 2 . 2H 2 0 

0.1 mM n-propyl gallate 

CPW salts ** 

pH 5.8, filter sterilised 



Medium C: 



9% mannitol 



0.1 mM n-propyl gallate 
CPW salts ** 
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2% Cellulase R-10 (Trade Mark) 
3% Macerozyme R-10 (Trade Mark) 
pH 5.8, filter sterilised 



10 



Medium D: 



9% tnannitol 

0.1 mM n -propyl gallate 
CPW salts ** 

pH 5.8, filter sterilised 



15 



20 



Medium E: 



15% sucrose 

0.1 mM n-propyl gallate 
CPW salts ** 

pH 5.8, filter sterilised 



25 



Medium F: 



9% tnannitol 

1 mM CaCl 2 .2H 2 0. 

filter sterilised 



30 



Medium O: 



9% tnannitol 

1 mM CaCl 2 .2H 2 0 

2% sodium alginate 

autoclaved 



35 



40 



Medium H: 



7.25% mannitol 

50 mM CaCl 2 .2H 2 0 

0.9% Agarose (Trade Mark) 

autoclaved 



45 



50 



Medium I: 



Medium J: 



1.5% Agarose 
autoclaved 

6.84% glucose 

0.1 mM n-propyl gallate 

0.2 mg/1 2, 4-dichlorophenoxyacetic 

acid (2,4-D) 



55 
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10 



15 



Medium K: 



1 mg/1 naphthaleneacetic acid (NAA) 

0.5 mg/1 benzylaminopurine (BAP) 

K8p medium (excluding sequestrene and 

casamino acids) *** 

pH 5.8, filter sterilised 

3% sucrose 

0.8% Agarose 

1 fM BAP 

PGo medium **** 

pH 5.8, autoclaved 



20 



25 



Medium L: 



3% sucrose 
0.8% Agarose 

25 fiM Indolebutyric acid (IBA) 
PGo medium **** 
pH 5.8, autoclaved 



30 



Murashige, T., Skoog, F., (1962) Physiologia 
Plantarum, 1£, 473-497 



35 



** Frearson, E.M., Power, J.B., Cocking E.G. (1973), 
Developmental Biology, 33, 130-137 



40 



45 



*** Kao, K.N., Michayluk, M.K. (1975), Planta, 126, 105-110 

**** De Greef, w. , Jacobs, M., (1979) Plant Science Letters, 
17, 55-61. 



EXAMPLE 1 

50 

Plant Material and growth Qpn0itiQn$ 

[After Hall et.al., Plant Cell Reports 12: 339-342 (1993) and Pedersen et.al., Plant Science 95, 89-97 (1993)]. 

55 [0035] Aseptic shoot cultures of Beta vulgaris were obtained as follows: Seeds were sterilised by incubating for 50 
minutes in H 2 S0 4 , after which they were thoroughly rinsed in tap water. The seeds were then placed in demineralised 
water at 55°C for 15 minutes after which they were incubated in 5% sodium hypochlorite for 30 minutes. The sterilising 
solution was subsequently removed by rinsing three more times (5, 10 and 15 minutes) in sterile tap water. 
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[0036] Germination took place on water agar (1 .5% agar in tap water) in the light at 22°C. 
[0037] Sterile seedlings were cultured further on Medium A for 4 weeks before the meristems were removed for sub- 
culture on the same medium. 

[0038] Shoots were subcultured every three weeks at which time the meristems were removed and placed on fresh 
5 medium. All cultures were incubated in the light (16 hour day, 3000 lux) at 22°C. 

EXAMPLE 2 

Leaf Protoplast isolation 

10 

[After Krens etal., Theoretical and Applied Genetics Z9, 390-396 (1990)] 

[0039] Protoplasts were isolated from the leaves of three week old aseptically-grown shoot cultures of Beta vulgaris 
as follows: Leaf blades were removed from shoot cultures and approximately 1 .5 grams (dry weight) was finely chopped 
15 in 1 0 ml of Medium B in a 9 cm Petri dish. 

[0040] After removal of Medium B, the leaf pieces were resuspended in 1 5 ml of Medium C containing the digestive 
enzymes. 

[0041 ] Incubation took place in the dark on a rotary shaker (45 r.p.m., 1 1 mm amplitude) overnight (approximately 1 6 
hours) at 25°C. 

20 [0042] After gently pumping the crude protoplast mixture 10 times into and out of a pipette, the protoplast suspension 
was collected by gravity filtration through nylon sieves (297 and 55 urn mesh). 

[0043] After placing the protoplast suspension in two 1 2 ml centrifuge tubes, the protoplasts were collected as a pellet 
by centrifugation at 55g for 5 minutes. 

[0044] The supernatant was discarded and the protoplasts were washed and centrif uged twice in 1 0 ml of Medium D. 
25 [0045] Finally the protoplasts were resuspended in 1 0 ml of Medium E, on top of which there was carefully loaded 1 
ml of Medium F, and centrif uged as above. 

[0046] The protoplasts were collected from the upper 1 ml layer of Medium F and the population density determined 
using a haemocytometer. 

[0047] All protoplast cultures were incubated at 25°C in the dark. 

30 

EXAMPLE 3 

Protoplast Embedding 

35 [After Hall et.al., Plant Cell Reports !£, 339-342 (1993)] 

[0048] Before culture, the protoplasts were immobilised as follows: A known number of protoplasts to give the desired 
plating density (usually 30,000 - 125,000 per dish) were resuspended in a total volume of 500 yi\ of Medium F. 
[0049] After thorough mixing with 500 \i\ of Medium G, the suspension was spread out as a thin layer on to a 6 cm 
40 Petri dish containing 1 0 ml of Medium H. 

[0050] After incubation for 2 hours at room temperature, the calcium alginate had solidified into a thin disc which was 
then removed and transferred to an empty Petri dish. 

EXAMPLE 4 

45 

Fixation of the Immobilised Cells and P re paration of the Cultures to r the Cell F in der 

[0051 ] To assist in the positioning and relocalisation of individual cells, the cultures were set up as follows: A 24.5 x 
40 mm glass cover slip was sterilised in alcohol and flamed. 
so [0052] One drop (approximately 50 jxJ) of Medium I was spread over the entire surface of the cover slip and allowed 
to dry completely. 

[0053] The central region (10 x 25 mm) of the calcium alginate disc was removed using a sharp scalpel. 

[0054] One drop of Medium G was placed on the the cover slip, on top of which was placed the excised piece of the 

calcium alginate disc. 

55 [0055] A ring of Medium I (35°C) was placed around the edge of the alginate disc so that it came into contact with 
both the alginate and the agarose-covered glass cover slip. 

[0056] Finally, using two drops of Medium I, two gold electron microscope specimen grids were fixed to the cover slip, 
one top centre and the other bottom right. 
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[0057] After solidification of the agarose, the entire assembly was transferred to a 6 cm Petri dish containing 4 ml of 
Medium J. 

[0058] The remainder of the alginate disc was also transf rred to this medium after which the dish was sealed with 
Parafilm (Trade Mark). 

5 

EXAMPLE 5 

Cell Positioning and Relocation 

w [0059] A Zeiss ICM 405 inverted microscope equipped with a stepper motor driven microscope stage was used. A 
dedicated computer programme was used to control the movements of the microscope stage and to allow for system 
calibration and the recording of the position of individual cells in the Petri dish to an accuracy of 1um. Using the posi- 
tions of the centres of the two EM grids at the fixed reference points, the positions of the cells of the desired size and 
morphology were located and recorded. At a later date, relocation of these cells was possible in a semiautomatic man- 

is ner after the positions of the EM grids were re-entered into the computer for recalibration. 

EXAMPLE 6 

Cell Types Involved in Cell Division in $ gggr B ee t Leaf Protoplast Preparations 

20 

[0060] Two subpopulations of protoplasts have been identified in beet leaf digests which have the capacity to divide 
and produce viable calli. These calti are, however, morphologically distinct and only one type is totipotent. 
[0061] Callus of the regenerate type is characterised by being very soft, friable and watery which causes it to fall 
apart readily. The regeneration capacity of this type of callus varies, depending on the conditions and the genotype, but 

25 at its highest was 30%. The protoplasts identified as the progenitors of this callus type have a very distinct morphology, 
being relatively small, 1 5-27 (mode 23) jim in diameter, as measured after one day of culture in a medium with an osmo- 
lality of 510 mOs/kg. These cells contained few visible cytoplasmic components except for a small number of unusually 
large starch grains (usually 5-14 per cell with 8 or 9 per cell being most common). These starch grains might take up 
approximately 50% of the cell volume. Division of these cells occurs relatively late, 5-10 days after plating out and a 

30 loose-structured callus is produced which consists of small cells with a rich cytoplasm with many starch grains of vary- 
ing size and shape. No obvious vacuole is visible. 

[0062] The other type of callus is very hard and compact and usually forms spherical colonies. It appears not to be 
totipotent. This callus type has been found to originate from a protoplast type characterised by being 20-30 (mode 27) 
tun in diameter and rich in cytoplasm which contained many small and unevenly-sized and shaped starch grains. Typi- 
35 cally these cells (as viewed one day after plating) already had a nucleus situated centrally in the cell. These cells divided 
early (usually within three days) and divided at a rapid rate to produce round compact colonies consisting of cells with 
a granular cytoplasm but with a clearly visible vacuole. 

[0063] It has been confirmed, on the basis of morphological characters and by following partial epidermis digestions, 
that the first cell type, which gives rise to regenerable callus originates from the guard cells. It is believed that the second 
40 type is derived from cambial tissue from the vascular bundles. Mesophyll protoplasts never divide. 

EXAMPLE 7 

ISOLATION OF EPIDERMIS AND REGENERATION 

45 

PEELING METHOD 

[0064] Epidermal strips were obtained by manually peeling the lower epidermal side of leaves (in vitro material as well 
as greenhouse material), using curved forceps. This can be done in an empty Petri dish, on a piece of Whatman paper 
so or in liquid medium (it does not really influence the division phase but is mainly based on personal preferences to get 
the largest strip out of one leaf). Neither the peeling angle nor the number of mesophyll cells which may remain influ- 
ences the culture of the cells or the ability of the guard cells to divide. 

[0065] Directly after the peeling, the strips are placed in culture medium. It does not matter which side of the strip is 
in contact with the medium. More important is the concentration of the strips per culture: the liquid surface should be 
55 covered for about 95% with strips after the isolation step. During culture, the strips will twist and coil and eventually sink 
but it has no effect on cell division. 

[0066] Epidermal strips have been cultured in Petri dishes (5 and 20 cm diameter) and in microwells as long as the 
above mentioned condition was fulfilled. The strips were cultured at 28°C in the dark. 
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[0067] Divisions were observed in several media: K8p, MS, PGo and BUL. However, the best is PGo medium which 
produced white friable callus in over 95% of the cultures. Most important was the fact that this medium does not contain 
hormones. Culture media containing hormones (BAP, NAA, 2,4-D) do not improve division frequencies. However, if 2,4- 
D is present in the culture medium (at concentrations from 0.2 to 2 mg/l) we observe a high concentration of hard type 
callus. As this callus cannot regenerate, and partially inhibits the production of the white friable callus, it is best to use 
PGo medium where no - or only very rarely - hard callus appears. 

[0068] More than 30 different sugar beet genotypes were tested and all produced white friable callus at least once . 
The production of the white friable callus does not depend on the type of material (in vitro clone, seedling, greenhouse 
material) and neither does the medium on which this material has grown (MS, MS/2, PGo+BAP) influence the capacity 
of the guard cells to divide. 

[0069] The epidermal strips are cultured in the dark at 28°C for 4 to 5 weeks. The obtained white friable calii are trans- 
ferred to PGo + BAP (1 mg/l) medium and further cultured in the same conditions for 3 to 4 weeks. This callus is then 
subcultured on the same medium or PGo + BAP (1 mg/l) + NAA (0.2 mg/l) or on MS with the same two hormones at 20 
. 22°C with a light-dark cycle of 16-8h. After two to three weeks the first regenerants can be recovered. We found the 
largest number of regenerants on the latter two media. 
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EXAMPLE 8 

EPIDERMIS ISOLATION - BLENDING METHOD 

s [0070] Manual peeling is very tedious and time consuming while the blending technique (as it is used in the protoplast 
isolation protocol) produces large amounts of small epidermal strips. But the blender is less selective as well as guard 
cells also produces also a lot of small debris of leaf tissue (and mainly cells that will produce hard type of callus). 
[0071 ] Although in PGo medium we found the white type of callus on several occasions it is less consistent than with 
epidermal strips. On the other hand, it seems that the BUL medium is more appropriate. 

10 [0072] In the protoplast isolation the blending is done in presence of Ficoll. To avoid the froth and to shorten the iso- 
lation time, we also worked directly with culture media (PGo and BUL) during the blending. Although BUL remains the 
best, good results were also obtained with PGo. 

[0073] Epidermal strips .produced by the blending method were cultured in the same way as described in Example 3. 
15 EXAMPLE 9 

Guard Cell Protoplast Isolation and Culture 

[0074] Epidermis fragments obtained by the method of Krens et.al., Plant Physiology, SO. 1382-1386 (1989), were 
20 digested overnight in a solution of 2% cellulase and 3% macerozyme dissolved in Medium D. However, different geno- 
types may require slightly different enzyme mixtures. After a washing and purification protocol as described in Example 
2, protoplast populations were obtained which were highly enriched in guard cells. These methods have produced pop- 
ulations with up to 80-90% hguard cell protoplasts. Protoplasts were subsequently embedded in calcium alginate as 
detailed in Example 5 and were cultured in 4ml of Medium J in a 6cm Petri disk which was sealed with Parafilm. Cultures 
25 were incubated in darkness at 28°C. In these cultures, guard cell plating efficiencies of 25-50% were routinely obtained. 

EXAMPLE 10 

PEG-Mediated Genetic Transformation of Protoplasts 

30 

[0075] In this example the introduced DNA was from a plasmid pPG5 which contains the p-glucuronidase (GUS) 
reporter gene and also, as a selectable marker gene, a sequence specifying resistance to the herbicide Bialaphos or 
phosphinothricin to which sugar beet is normally sensitive. 

[0076] The method employed was that described in Krens et.al., Nature, 296. 72-74 (1982 with the following selected 
35 parameters. The optimal concentration of PEG was 20% but lower concentrations also resulted in the production of sta- 
ble transformants. The type of PEG was found not to be particularly significant. Stable transformants were found at all 
DNA concentrations tested but 50jig/500,000 protoplasts was chosen as the optimal concentration. The period of incu- 
bation was from 1 0 to 40 minutes. 

[0077] Table 1 below exemplifies some of the results obtained. 

40 



TABLE 1 





THE FREQUENCY OF STABLE TRANSFORMATION 


45 


Sugar Beet Line 


time min 


Pps plated (% GC) 


Bialaphos resist- 
ant calli 


Trans. Freq. (total) 


Trans. Freq. (GC) 




NF 


10 


180,000(74) 


22 


1.2x10 4 


1.7x10 -4 






20 


180,000(71) 


23 


1.3x10 4 
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50 




30 


83,000(54) 


28 


3.4x1 0" 4 


6.1x1 0" 4 




SES1 


20 


220.000(80) 


8 


2.7x1 0" 5 


3.4x1 0" 5 






30 


190,000(85) 


1 


5.3x1 0' 6 


6.2x1 0" 5 


55 




40 


210.000(76) 


4 


1.9x10 -5 


2.5x1 0" 5 



[0078] In all the above cases the PEG concentration was 13.3% and the amount of DNA (pPG5) used was 50jig. 
[0079] Following transformation, the protoplasts were transferred to an alginate medium containing bialaphos at a 
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concentration of 0.25mg/litre, and cultured for four weeks, by which time the transformed guard cell calli were clearly 
identifiable and could be isolated and transferred to regeneration medium. 

EXAMPLE; 11 

5 

Genetic Transformation of Leaf Tissue 

[0080] In this example the introduced DNA was from a plasmid pPG5 which contains the p-glucuronidase (GUS) 
reporter gene and also, as a selectable marker gene, a sequence specifying resistance to the herbicide Bialaphos or 
10 phosphinothricin to which sugar beet is normally sensitive. 

[0081] Leaves from axenically grown plants of two sugar beet genotypes (designated BOA113 and BUM2) were 
excised and placed, abaxial surface uppermost, on De Greef and Jacobs media solidified with 0.6% agar. Three to five 
leaves were used in each 9 cm Petri dish. 

[0082] Gold particles (1 .6 jim diameter) were coated with a plasmid which contains a gene encoding phosphinothricin 
15 acetyl transferase which gives resistance to the herbicide phosphinothricin (bialaphos, BASTA) as a selectable marker 
and one copy of a gene encoding ^-glucuronidase (gu§), a detectable marker gene. The particles were coated using 
the calcium chloride/spermidine precipitation method and resuspended in 1 00% ethanol. Aiiquots of 1 0 nl were pipetted 
on to individual macrocarriers of the DuPorrt Biolistic PDS1000/He gene gun and allowed to dry over silica gel crystals. 
[0083] The bombardment parameters used were: a gap of one sixteenth inch between the rupture disc and the mac- 
20 rocarrier, a macrocarrier travel distance of 6mm, rupture disc pressures of 100 to 1 100 psi, target distances of 5, 8 or 
12 cm and a partial vacuum of 28 inches of mercury in the target chamber. 

[0084] After bombardment, leaves were cultured for 2 days at 23°C prior to staining with 5-bromo-4-chloro-3-indolyl- 
p-D-glucuronide (X-GIuc) for histochemical localisation of gus gene expression. Post staining, the leaves were 
decolourised in 95% ethanol at 65°C for 20 minutes. Cells showing gy£ expression were termed "colour-forming units 
25 (CFUs). The frequency of guard cell CFUs among total epidermal CFUs tor both genotypes was in the range 20-40%. 

EXAMPLE 12 

Callus Culture and Regeneration 

30 

[0085] After 21 days, the pieces of alginate containing the now-visible microcalli were transferred to 9 cm Petri dishes 
containing 20 ml Medium K. Culture was in the dark as above. 

[0086] Friable, watery-type calli on reaching the size of approximately 1 -2 mm in diameter were individually picked off 
and cultured in groups of 20 on fresh Medium K. At this stage both PCR analysis and a histochemical GUS assay con- 
35 firmed the presence of transformants. 

[0087] At two-weekly intervals all calli were subcultured on to fresh medium. 

[0088] Regenerants appeared during the first 8 weeks of culture of individual calli. When the first shoots were visible 
and had reached a size of approximately 2 mm the dish was transferred into the light (3000 lux), 25°C, 15 hour day 
length. 

40 [0089] Plant! ets approximately 4 mm long were transferred to individual culture tubes containing 15 ml of Medium K 
and were further subcultured in the light as above. 

EXAMPLE 13 

45 Rooting and T ransfer to the Soil 

[0090] When the plantlets had reached the four-leaf stage (usually after 5 to 6 weeks with one subculture after three 
weeks) they were transferred to culture tubes containing 15 ml of Medium L and further cultured as above. 
[0091] When at least one root had reached a length of 1 cm, the plantlets were removed from the culture tubes and, 
so washed under running tap water to remove all fragments of the agar, and transferred to soil in 9 cm pots in the green- 
house. 

[0092] Plantlets were covered with a transparent plastic cup to provide a humid environment for seven days, after 
which they could be grown without protection. 

55 Claims 

1 . A method for the genetic transformation of plants comprising introducing an hereditary material into a stomatal cell 
of said plant and regenerating whole plants from the transformed cell. 
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2. A method according to claim 1 , wherein the transformation is conducted in senescent leaf tissue. 

3. A method according to claim 2, wherein the said tissue is leaf epidermis. 

5 4. A method according to either of claims 2 or 3, wherein the transformed stomatal tissue is macerated to produce a 
cell suspension from which plants are regenerated. 

5. A method according to any one of claims 1 to 4, wherein the stomatal cells are converted to protoplasts prior to 
regeneration. 

10 

6. A method according to any one of claims 1 to 5, in which the hereditary material is a DNA construct which includes 
a selectable marker gene which does not specify resistance to an antibiotic and the transformed tissue is exposed 
to an appropriate selective agent. 

15 7. A method according to any one of claims 1 to 6, wherein the transformation is conducted on a cell population 
enriched in guard cells. 

8. A method according to any one of claims 1 to 7, wherein the stomatal cells are converted into protoplasts by enzy- 
matic digestion of the cell wall before or alter transformation. 

20 

9. A method according to any one of claims 1 to 8, wherein the transformation method comprises mixing a suspension 
of stomatal cells with a microscopic fibrous material and agitating same in the presence of the hereditary material. 

10. A method according to any one of claims 1 to 9, wherein the regeneration includes the production of callus on a 
25 medium which is free of hormones. 

1 1 . A method according to claim 1 , wherein the plant is Beta vulgaris and the hereditary material is introduced into the 
said stomatal cells by direct DNA insertion. 

30 1 2. A method according to the preceding claim, wherein the hereditary material is a DNA construct which does not con- 
tain a gene specifying antibiotic resistance. 

Patentanspruche 

35 1 . Verfahren zur genetischen Transformation von Pf lanzen, umfassend die Einfuhrung von Erbmaterial in eine Spalt- 
Offnungszelle der Pflanze und die Regeneration ganzer Pf lanzen aus der transformierten Zelle. 

2. Verfahren nach Anspruch 1 , wobei die Transformation in alterndem Blattgewebe durchgefuhrt wird. 

40 3. Verfahren nach Anspruch 2, wobei das Gewebe Blattepidermis ist. 

4. Verfahren nach Anspruch 2 oder 3, wobei das transformierte SpaHOffnungsgewebe zur Produktion einer Zellsus- 
pension, aus der die Pf lanzen regeneriert werden, maceriert wird. 

45 5. Verfahren nach einem der Anspruche 1 bis 4, wobei die Spaltdffnungszellen vor der Regeneration in Protoplasten 
umgewandelt werden. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei das Erbmaterial ein DNA-Konstrukt ist, das ein selektierbares 
keine Resistenz gegenuber einem Antibiotikum vermittelndes Markergen einschlieBt und das transformierte 

so Gewebe einem geeigneten Selektionsmittel ausgesetzt wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei die Transformation bei einer mit SchlieBzellen angereicherten 
Zellpopulation durchgefuhrt wird. 

55 8. Verfahren nach einem der Anspruche 1 bis 7, wobei die Spaltdffnungszellen durch enzymatischen Abbau der Zell- 
wand vor oder nach der Transformation in Protoplasten uberfuhrt werden. 

9. Verfahren nach einem der Anspruche 1 bis 8, wobei das Transformationsverfahren das Mischen einer Suspension 
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von SpaltOffnungszellen mit mikroskopisch Weinem fibrOsem Material und dessen Bewegung in Gegenwart des 
Erbmaterials umfaBt. 

10. Verfahren nach einem der Anspruche 1 bis 9, wobei die Regeneration die Produktion eines Kallus auf einem hor- 
5 monfreien Medium einschlieBt 

11. Verfahren nach Anspruch 1, wobei die Pflanze Beta vulgaris ist und das Erbmatertal in die SpaltOffnungszellen 
durch direkte DNA- Insertion eingefuhrt wird. 

10 12. Verfahren nach dem vorhergehenden Anspruch, wobei das Erbmaterial ein DNA-Konstrukt ist, das kein eine Anti- 
biotikaresistenz vermittelndes Gen enthaJt. 

Revendications 

15 1 . Proc6d6 de transformation g6n6tique de plantes comprenant I'introduction d'un materiel h6r6ditaire dans une cel- 
lule stomatique de ladite ptante et la regeneration de plantes entieres a partir de la cellule transform^. 

2. Proc6d6 selon la revendication 1 , dans lequel la transformation est r£alis£e dans un tissu fbliaire senescent. 

20 3. Proc6d6 selon la revendication 2, dans lequel ledrt tissu est de repiderme foliaire. 

4. Proc6d6 selon Tune quelconque des revendications 2 et 3, dans lequel le tissu stomatique transform^ est macere 
pour produire une suspension de cellules a partir de laquelle des plantes sont r6g6n6r6es. 

25 5. Proc6d6 selon Tune quelconque des revendications 1 a 4, dans lequel les cellules stomatiques sont converties en 
protoplastes avant la regeneration. 

6. Proc6d6 selon Tune quelconque des revendications 1 a 5, dans lequel le materiel h6r6ditaire est une construction 
d'ADN qui comprend un gene marqueur seiectionnable qui ne sp6cifie pas une resistance a un antibiotique et le 

so tissu transforms est expose a un agent s6lectif approprie. 

7. Proc6d6 selon Tune quelconque des revendications 1 a 6, dans lequel la transformation est r6alis6e sur une popu- 
lation cellulaire enrichie en cellules de garde. 

35 8. Proc6d6 selon Tune quelconque des revendications 1 a 7, dans lequel les cellules stomatiques sont converties en 
protoplastes par digestion enzymatique de la paroi cellulaire avant ou apr&s la transformation. 

9. Proc6d6 selon Tune quelconque des revendications 1 a 8, dans lequel le proc6d6 de transformation comprend le 
melange d'une suspension de cellules stomatiques avec un materiau fibreux microscopique et leur agitation en 

40 presence du materiel hereditaire. 

10. Procede selon Tune quelconque des revendications 1 a 9, dans lequel la regeneration comprend la production de 
cas sur un milieu qui est exempt dTiormones. 

45 11. Procede selon la revendication 1 , dans lequel la plante est Beta vulgaris et le materiel hereditaire est introduit dans 
lesdites cellules stomatiques par insertion directe d'ADN. 

12. Procede selon la revendication precedente, dans lequel le materiel hereditaire est une construction d'ADN qui ne 
contient pas de gene specif iant une resistance a un antibiotique. 

50 
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